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Endoscopic Ultrasound-Guided Transluminal Drainage for Peripancreatic 
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Endoscopic drainage for pancreatic and peripancreatic fluid 
collections (PFCs) has been increasingly used as a minimally 
invasive alternative to surgical or percutaneous drainage. 
Recently, endoscopic ultrasound-guided transluminal drain- 
age (EUS-TD) has become the standard of care and a safe 
procedure for nonsurgical PFC treatment. EUS-TD ensures 
a safe puncture, avoiding intervening blood vessels. Single 
or multiple plastic stents (combined with a nasocystic cath- 
eter) were used for the treatment of PFCs for EUS-TD. More 
recently, the use of covered self-expandable metallic stents 
(CSEMSs) has provided a safer and more efficient approach 
route for internal drainage. We focused our review on the 
best approach and stent to use in endoscopic drainage for 
PFCs. We reviewed studies of EUS-TD for PFCs based on 
the original Atlanta Classification, including case reports, 
case series, and previous review articles. Data on clinical 
outcomes and adverse events were collected retrospec- 
tively. A total of 93 patients underwent EUS-TD of pancreatic 
pseudocysts using CSEMSs. The treatment success and ad- 
verse event rates were 94.6% and 21.1%, respectively. The 
majority of complications were of mild severity and resolved 
with conservative therapy. A total of 56 patients underwent 
EUS-TD using CSEMSs for pancreatic abscesses or infected 
walled-off necroses. The treatment success and adverse 
event rates were 87.8% and 9.5%, respectively. EUS-TD can 
be performed safely and efficiently for PFC treatment. Larger 
diameter CSEMSs without additional fistula tract dilation for 
the passage of a standard scope are needed to access and 
drain for PFCs with solid debris. (Gut Liver 2014;8:341-355) 
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INTRODUCTION 

Peripancreatic fluid collections (PFCs) can develop secondary 
to either fluid leakage or liquefaction of pancreatic necrosis fol- 
lowing acute pancreatitis, chronic pancreatitis, surgery, or ab- 
dominal trauma. 1 " 4 Previously focusing on the original Atlanta 
Classification of acute pancreatitis, 5 PFCs include acute fluid 
collections, acute and chronic pancreatic pseudocysts, pancre- 
atic abscesses, and pancreatic necrosis. This original Atlanta 
Classification 5 proposed the term "pancreatic abscess" to define 
a "localized collection of purulent material without significant 
necrotic material." However, since this finding is extremely 
uncommon, the term "pancreatic abscess" was confusing even 
investigators of pancreatic diseases. 

In 2013, the revised Atlanta Classification proposed to clarify 
several issues from the original Atlanta Classification. 6 The 
revised Atlanta Classification classified local complications 
mostly followed by acute pancreatitis into four types accord- 
ing to pathological conditions and timing as follows: 1) acute 
peripancreatic fluid collection (APFC); 2) acute necrotic collec- 
tion (ANC) (sterile or infected); 3) pancreatic pseudocyst (PP); 
and 4) walled-off necrosis (WON) (sterile or infected), 6 In this 
classification, the term "pancreatic abscess" was removed and 
divided into infected PPs and WONs based on their component 
and radiologic images. 6 Until 2013, an infected PP was lumped 
together with an infected WON in the same category as a pan- 
creatic abscess. Thus, an infected ANC/PP or WON must be set 
apart from APFC, sterile PP or WON based on the revised At- 
lanta Classification 6 because the strategy of treatment is mark- 
edly different (Table 1). The outcome of endoscopic drainage 
was significantly worse for WON compared with PP, with sig- 
nificantly fewer collection disappearances and more complica- 
tions. 7 Even if the PP should not always be treated according to 
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Table 1. Comparison of the Original and Revised Atlanta Classification 
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the American Society for Gastrointestinal Endoscopy guideline, 8 
the indication for drainage of PP are symptoms (abdominal 
pain, early satiety), complications (infection, bleeding, rupture), 
obstruction of a surrounding hollow viscous (gastric, duodenal, 
or biliary obstruction), or enlarged PP. Drainage of PP was also 
recommended if the PPs were larger than 6 cm, continued to 
increase in size or did not resolve after 4 to 6 weeks 7 as well as 
symptomatic lesions. Infected ANC was also recommended for 
drainage similarly to an infected PP. On the other hand, infected 
WONs, which consisted of a mature, encapsulated collection of 
pancreatic and/or peripancreatic necrosis that has developed 
a well-defined inflammatory wall, were recommended for not 
only drainage but also necrosectomy if needed. 

At present, endoscopic drainages are popular as a minimally 
invasive alternative to surgical or percutaneous drainage for 
PFC management. Of the endoscopic drainages for PFCs, endo- 
scopic ultrasound-guided transluminal drainage (EUS-TD) has 
become the standard and safe procedure in many centers for 
the nonsurgical treatment of PFCs because it can provide a safe 
puncture avoiding intervening blood vessels. Thus far, single 
or multiple plastic stents (combined with a nasocystic catheter) 
have commonly been used for the treatment of PFCs for EUS- 
TD. More recently, the use of covered self-expandable metallic 
stents (CSEMSs) has provided a safer and more efficient ap- 
proach route for internal drainage. 

In this review, we focus on the best approach and stent to use 
in endoscopic drainage for PFCs on the basis of the original At- 
lanta Classification 5 because of lack of clinical results confirm- 



ing the revised Atlanta Classification. 6 
OPTIMAL INTERVENTION FOR PFCs 

A recent retrospective study regarding nonsurgical ap- 
proaches-percutaneous versus endoscopic transmural drainage 
(conventional direct transluminal drainage by forward-viewing 
endoscopy [CTD] or EUS-TD)-to symptomatic PP revealed no 
significant difference between technical success rates in treating 
PP. 9 However, percutaneous transmural drainage was associ- 
ated with a higher reintervention rate, longer hospital stay, and 
increased number of follow-up abdominal imaging studies. 9 
Therefore, endoscopic transmural drainage should be the pre- 
ferred modality for the drainage of symptomatic PP compared 
with percutaneous drainage. A recent prospective randomized 
controlled trial regarding surgical drainage versus EUS-TD for 
symptomatic PP revealed no difference in treatment success, 
complications, or reinterventions between the surgical and EUS- 
TD groups, the length of hospital stay was shorter, the physi- 
cal and mental health scores were better, and the total mean 
costs were lower for the EUS-TD group. 10 Because none of the 
patients randomized to EUS-TD developed PP recurrence at the 
follow-up evaluation, there was no evidence to suggest that 
surgical drainage is superior to EUS-TD for PP drainage. Thus, 
endoscopic drainage for PP drainage has become an effective 
alternative treatment to percutaneous and surgical drainage. 
Endoscopic drainage is now considered to be the first-line ap- 
proach for treating symptomatic PP due to its less invasiveness, 
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Table 2. Advantages and Limitations of Conventional Transluminal, Transpapillary, and Endoscopic Ultrasound-Guided Transluminal Drainage 



Advantages Limitations 



CTD 


Widely used technique 


Blind approach 




For urgent treatment 


Risk of bleeding 
Risk of perforation 

TV T 11? 1 • 111-* 

Need for luminal bulging 
Limited equipment and accessories 
Oversight of MPD abnormality 


TPD 


Physiological flowing 


Need to communicate with MPD 




Possibility of resolution of MPD stricture 


Noneffective for complex septations 




Diagnosable disconnected syndrome 


Risk of exacerbation of pancreatitis 




A large variety of equipment 


Long treatment period 


EUS-TD 


Visualized approach 


Required interventional expertise 




Differential diagnosis during procedure 


Limited equipment 




Ascertain the nature of a fluid collection 


Oversight of MPD abnormality 




Available for nonluminal bulging lesion 






Available in failed CTD or TPD 






For urgent treatment 





CTD, conventional transluminal drainage; TPD, transpapillary drainage; EUS-TD, endoscopic ultrasound-guided transluminal drainage; MPD, 
main pancreatic duct. 



lower reinterventions, lower morbidity rate, and shorter hospital 
stay. In addition, endoscopic drainage of PP does not require 
general anesthesia. However, we should consider that surgical 
treatment still has an important role in terms of adjunctive or 
salvage therapy if endoscopic or percutaneous intervention fails. 

OPTIMAL ENDOSCOPIC INTERVENTIONS FOR PFCs 

Endoscopic drainage of PP consists of CTD, transpapillary 
drainage (TPD) and EUS-TD. In a web-based U.S. survey that 
identified the American Society for Gastrointestinal Endoscopy 
members who performed PP drainage in 2006, EUS-TD was 
used only by 56°/o of U.S. endoscopists and 43°/o by interna- 
tional endoscopists. 11 

TPD requires that the PP communicate with the main pan- 
creatic duct and that it has few septations to permit complete 
drainage. Pancreatic duct strictures or disruption, if identified, 
may be dilated, after which a single plastic stent is placed into 
the main pancreatic duct. It is also crucial to evaluate for the 
presence of a pancreatic fistula, which if present, should be 
initially treated by pancreatic duct stenting. If the pancreatic 
fistula does not resolve after a prolonged period of pancreatic 
duct stenting, endoscopic sealing with N-butyl-2-cyanoacrylate 
can be considered. 12 A recent prospective cohort study of pa- 
tients with refractory pancreatic duct strictures revealed that 
the use of a wire-guided diathermic dilator is feasible and safe. 
Wire-guided diathermic dilator treatment may be considered a 
new standard alternative procedure when conventional dilation 




Fig. 1. Radiograph showing a double pigtail plastic stent and a naso- 
cystic catheter in the pancreatic pseudocyst. 

fails. 13 

EUS-TD of PP is an attractive endoscopic approach in pa- 
tients who have a small window of entry based on computed 
tomography (CT) findings, particularly in the case of lack of an 
endoscopically defined area of luminal bulging, in unusual lo- 
cations of PPs, with coagulopathy, with thrombocytopenia, with 
portal hypertension, with documented intervening vessels, in 
failed CTD or TPD and considering complication during CTD or 
TPD. A recent prospective randomized controlled trial regarding 
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* 



Fig. 2. (A) Radiograph showing a 
double guidewire in the pancreatic 
pseudocyst. (B) After double guide- 
wire placement, a double pigtail 
plastic stent was advanced into the 
pancreatic pseudocyst. 



CTD versus EUS-TD revealed significant differences regarding 
technical success in treating PP. 14 With regard to clinical out- 
comes (short-term and long-term results), however, there was 
no significant difference between CTD and EUS-TD. 14 Therefore, 
for luminal bulging PPs, both CTD and EUS-TD can be selected 
and performed. However, for nonluminal bulging PPs or if CTD 
or TPD has failed, EUS-TD has the theoretical advantage of re- 
ducing the risk of bleeding, perforation, and infection compared 
with CTD. The first meta-analysis comparing the technical suc- 
cess and clinical outcomes of EUS-TD and CTD for PPs resulted 
in the same conclusion. 15 Utilizing EUS-TD for PP has been 
shown to be the safest. A prerequisite for EUS-TD is the pres- 
ence of a well-defined mature wall. The fluid collection must be 
accessible endoscopically, such as being located within 1 cm of 
the gastric or duodenal walls; paracolic collections cannot be 
accessed and would require adjunctive methods such percutane- 
ous drainage. 16 Thus, EUS-TD should be performed as a prefer- 
able approach to CTD or TPD (Table 2). To date, current reports 
in the literature regarding EUS-TD for PP have documented 
recent developments and improvement of outcomes. 17 ' 18 

OPTIMAL ENDOSCOPIC STENTS FOR EUS-TD 

Currently, the type, size, and number of stents used for EUS- 
TD are the major concerns of interest. Traditionally, plastic 
pigtail stents provide highly secured drainage. The fistula tract 
between the gastrointestinal tract and the PP is maintained with 
the placement of double pigtail plastic stents for preventing 
dislocation and migration. Although double pigtail plastic stents 
have been used to provide drainage, occlusion rates are high 
and endoscopic access to the PP cavity via the fistula is limited 
because of its small caliber. Therefore, placement of multiple 
small- caliber (including simultaneous placement of a pigtail 
stent and a nasocystic drainage catheter) (Figs 1-3) or large- 




Fig. 3. Endoscopic image showing a double pigtail stent in the pan- 
creatic pseudocyst. 



caliber pigtail plastic stents is required to maintain a large fis- 
tula for sufficient and effective drainage. However, small-caliber 
plastic stents are needed for multiple attempts and accesses to 
the cavity. These procedures may cause loss of the guidewire 
(failure of multiple stenting), proximal migration of the first 
stent into the cavity, additional time, and a more cumbersome 
procedure. On the other hand, large-caliber stents can be dif- 
ficult to advance and deploy through the channel of the EUS 
scope. 

Recently, tubular CSEMSs (TCSEMS), which are used for 
the treatment of a biliary stricture, have been available for PP 
drainage instead of multiple plastic stents. The TCSEMS provide 
larger calibers than plastic stents, which might be advantageous 
for contaminated and excessive amounts of debris although it is 
much more expensive than plastic stents (Table 3). The TCSEMS 
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Table 3. Advantages and Limitations of Different Types of Stents 



Advantages Limitations 



Plastic stent 


Low cost 


Small caliber 




Easy extubation 


Need for multiple stents 




Easy placement 


Difficult placement (large caliber) 




(small outer diameter) 


Short patency 

Poor visibility under fluoroscopy (during procedure) 

Long treatment period 

Possibility of fluid leak 

Possibility of migration (during procedure) 


Metallic stent 


Large caliber 


Difficult placement 




Long patency 


Expensive 




Easy shift to direct necrosectomy 


Possibility of gatrointestinal tract injury 




Good visibility under fluoroscopy (during procedure) 


Difficult extubation* 




Short treatment period 






Prevents fluid leak 






Hemostatic effect from puncture site 





*Except for AXIOS stent. 



can also reduce the risk of perforation, leakage and bleeding be- 
cause of minimal dilation and sealing of the fistula tract includ- 
ing tamponade effects. Several reports of a case or case series of 
PP have indicated the utility of CSEMSs for drainage. A sum- 
mary of these reports showed 93 patients with PP using CSEMS 
(Table 4). 19-33 The technical success rate from published cases 
was 100°/o (93/93 PPs). PP resolution was achieved in 94.6°/o 
(88/93 PPs) with complete resolution in 90.6o/o (77/85 PPs). The 
complication rate was 21.1°/o (19/76 PPs). Among them, the 
most common complication was superinfection to PPs, with a 
mild degree of severity. On the other hand, the CSEMS migra- 
tion rate was 3.9o/o (3/76 PPs) and the buried CSEMS rate was 
2.6o/o (2/76 PPs). Partial or full CSEMS migration is a significant 
problem because CSEMSs are tubular conduits and do not have 
anchoring flanges. To prevent migration, the placement of a 
double pigtail stent or a nasocystic catheter through the CSEMS 
may be effective to serve as an anchoring effect. The currently 
available and used CSEMSs were designed for drainage related 
to a luminal stricture, but were not related to a transluminal 
route. Most previous reports involved a bile duct or an esopha- 
geal stent for drainage. When a bile duct or an esophageal stent 
is used for PP, the longer protrusion on both the gastrointestinal 
tract and the PP cavity sides entails a risk of contact ulceration, 
bleeding, or migration. They are not good options in cases 
when the PP is not firmly attached to the gastrointestinal wall, 
because they do not apply any anchorage force and the risk of 
leakage is high. 30 

More recently, new dedicated anchoring fully covered SEMSs 
(ACSEMSs) for PP have been developed, such as wide flared end 
(Fig. 4; (A, B) NAGI stent, Taewoong Medical Co., Ltd., Seoul, 



Korea, 31 (C, D) BCF stent, M.I.Tech Co., Ltd., Seoul, Korea) or an- 
choring (Fig. 4; (E) AXIOS, Xlumena Inc., Mountain View, CA, 
USA) 22 to prevent migration (Figs 5-7). These types of ACSEMS 
provide stent stability, minimize the risk of migration due to an 
anchoring effect, and maintain the larger SEMS lumen for pas- 
sage, which may enable easy direct access into the PP cavity 
without a nonliquid component after expanding in full diam- 
eter. 

The question then is "what is the optimal stent for PP?" The 
answers to this question are straightforward. At the present, it is 
suggested that an ACSEMS like "yo-yo" shape 22 is an ideal stent 
and is highly recommended for treating PP in terms of antimi- 
gration and the direct insertion of an endoscope through the 
ACSEMS. The stent anchors are designed to distribute pressure 
evenly on the luminal wall and securely anchor the stent, thus 
preventing migration. The proximal and distal anchor flanges 
are designed to hold the bile duct and duodenal wall in apposi- 
tion, preventing leakage between the two nonadherent organs. 
Unfortunately, the ACSEMS is not available in Japan and Korea. 

What remains controversial and yet to be determined are the 
appropriate period for stent placement and the optimal stent 
diameter. The recurrence of PFC requires further endoscopic, 
surgical, or percutaneous drainage. Stents for PFCs act as a 
conduit and facilitate drainage of pancreatic secretion from the 
disconnected gland. In a prospective randomized controlled trial 
involving the removal versus nonremoval of stents, the rate of 
PFC recurrence following stent removal was significantly high- 
er, particularly in patients with main pancreatic duct rupture. 34 
It is likely that PFC resolution leads to the eventual adherence 
of the cavity wall, leading to the gradual migration of the stent 
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Fig. 4. (A, B) The new, fully-covered, self-expandable metallic stent (NAGI stent; Taewoong Medical Co., Ltd., Seoul, Korea). The NAGI stent con- 
sists of a fully-covered stent, 20-mm in length and 16-mm in diameter, with bilateral anchor flanges. The collapsible, braided stent is delivered 
through a 10.5-Fr catheter. The string is attached at the distal flange for stent removal. (C, D) The new, fully-covered, self-expandable metallic 
stent (BCF stent, M.I.Tech Co., Ltd., Seoul, Korea). The BCF stent consists of a fully-covered stent, 30- or 40-mm in length and 10-mm in diameter, 
with bilateral anchor flanges. The collapsible, braided stent is delivered through a 10.2-Fr catheter. The string is attached at the distal flange for 
stent removal. (E, F) The new, fully-covered, self-expandable metallic stent (AXIOS; Xlumena Inc., Mountain View, CA, USA). The AXIOS stent 
consists of a fully-covered, lumen-apposing stent, 6-, 8-, or 10-mm in length and 6-, 10-, or 15-mm in diameter, with dually- anchored flanges. 
The collapsible, braided stent is delivered through a 10.5-Fr catheter. 




toward the gastrointestinal lumen. Stent removal occurring 
before complete PFC collapse might lead to PFC recurrence, 
particularly if a communication exists between the PFC and the 
pancreatic duct. 35 Prolonged transluminal stent placement has 
been adopted as a strategy to prevent PFC recurrence, that is, 
the stent remaining in its proper position reduces the recurrence 
rate of PFC. 36 On the contrary, the appropriate duration of stent 
placement is recommended to be short (7 to 10 days) because 
of a significant risk of stent migration if the stents were left 
in place longer than 10 days. 37 However, the short duration of 
stent placement may not be sufficient to create an adequately 
mature fistula tract that will consequently tolerate balloon dila- 
tion and direct endoscopic necrosectomy. 28 

CLINICAL IMPACT OF CSEMS FOR PFC TREATMENT 

The clinical data on pancreatic abscess or infected WON are 
more limited and generally poor, owing to the need to remove 
abscess and necrotic debris, than in the case of PP drainage. 
EUS-TD for PP has recently become the preferred therapy. How- 
ever, in collections with necrotic debris, the success rate falls 
with the drainage of cyst contents alone. Subsequent direct en- 
doscopic necrosectomy has therefore been performed for an in- 
fected ANC, PP, or WON. We should consider direct endoscopic 
necrosectomy under the following conditions: 1) necrotizing 
pancreatitis is present; 2) US, EUS, CT, or magnetic resonance 



Fig. 5. Endoscopic image showing a large amount of pus emerging 
from the NAGI stent (Taewoong Medical Co., Ltd., Seoul, Korea). 

images show solid components in the fluid collection; and 3) 
acute inflammation suggesting an infected WON is present. 38 
Several sessions are necessary for sufficient necrosectomy to 
improve inflammation. For this technique, placement of mul- 
tiple plastic stents and repeated large-diameter balloon dilata- 
tion are required in each session. Larger CSEMS allows further 
interventions using a conventional endoscope without multiple 
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Fig. 6. (A) Radiograph showing 
fistula dilation using a wire-guided 
6-Fr diathermic dilator (Cysto- 
Gastro-Set; Endo-Flex, Voerde, Ger- 
many). (B) Radiograph showing the 
NAGI stent (Taewoong Medical Co., 
Ltd., Seoul, Korea) into the pancre- 
atic pseudocyst. 




Fig. 7. (A) EUS image showing 
AXIOS stent (Xlumena Inc., Moun- 
tain View, CA, USA) deployment. 
(B, C) Endoscopic image showing 
AXIOS stent during deployment. 
(D) Endoscopic image showing the 
endoscopic necrosectomy using the 
snare forceps through the AXIOS 
stent. 



stent placement and repeated dilation. 

Recently, a prospective randomized controlled trial of direct 
endoscopic drainage/necrosectomy of pancreatic abscess or in- 
fected WON versus surgical management has been performed. 39 
In this recent study involving patients with an infected WON, 
endoscopic necrosectomy reduced the proinflammatory re- 
sponse (serum interleukin-6) as well as the new-onset multiple 
organ failure, intra-abdominal bleeding requiring intervention, 
enterocutaneous fistula or perforation of a visceral organ requir- 



ing intervention and pancreatic fistula compared with surgical 
necrosectomy. In the study design, multiple plastic stenting for 
infected WON following repeated balloon dilation was per- 
formed. Therefore, large CSEMS was not used in that study. 

A summary of studies reporting the use of CSEMS in 56 
patients with pancreatic abscess or infected WONs is shown in 

Table 5.20,23,27,28,30,31,38,40-43 ^ ^^SS ^ (l00%> 57/57 

pancreatic abscess or WONs) and the pancreatic abscess or in- 
fected WON complete resolution rate (87.8%, 43/49 pancreatic 
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abscess or infected WONs) were high similarly to PPs. The com- 
plication rate was low (9.5°/o, 4/42 pancreatic abscess or infected 
WONs) compared with PPs. Larger diameter CSEMS without ad- 
ditional fistula tract dilation for the passage of a standard scope 
is needed to access and drain for pancreatic abscess or infected 
WONs with solid debris. During direct endoscopic necrosectomy 
through the CSEMS, such CSEMS interferes with the operation 
of the endoscope. On the other hand, a shorter SEMS is as- 
sociated with a higher risk of migration. The SEMS length was 
selected on the basis of the size of the PP, pancreatic abscess or 
WON, with 1/3 to 1/2 of the SEMS protruding into the gastroin- 
testinal tract at the level of the flared ends permitting apposition 
of the PP, pancreatic abscess or WON to the gastrointestinal 
tract. 43 Commercially available biliary SEMSs neither offer a 
large diameter that allows a larger channel endoscope to be 
inserted in order to perform necrosectomy, nor permit complete 
apposition of the WONs to the wall of the gastrointestinal tract. 
Therefore, an anchoring FCSEMS particularly with a dumbbell 
shape is also strongly desired for treating infected ANC/PP or 
WONs. 

TECHNICAL TIPS FOR DRAINAGE AND NECROSECTOMY 
OF TRICKY PFCs 

The conventional single transluminal gateway drainage using 
transmural stenting (single or multiple plastic stents or large- 
bore SEMSs) has allowed the complete resolution of unilocural 
or uncomplicated PFCs. However, single gateway drainage for 
complicated or infected WONs is limited and often insufficient. 
Multilocular or huge infected WON requires multiple translu- 
minal gateway drainage because of the presence of undrained 
sub cavities. 44 " 46 When subcavities or undrained areas of the 
main cavity are in a location far from the gastrointestinal tract, 
EUS-TD is not possible. Single transluminal gateway transcystic 
multiple drainage might be a better technique for these cases. 45 
If endoscopic intervention fails for complicated WON, the hy- 
brid technique using endoscopic and percutaneous approaches 
is recommended and might be a better approach. 

CONCLUSIONS 

EUS-TD with SEMS placement for infected PP, pancreatic 
abscess or WONs is a technically feasible and apparently safe 
alternative to CTD and ID. EUS-TD with SEMS placement can 
be considered as the first-line therapy for PP. With increasing 
data showing better clinical outcome of EUS-TD with CSEMS, it 
is highly recommendable to conduct a prospective randomized 
controlled trial of plastic stent versus CSEMS for PP drainage to 
determine the long-term outcome and allow cost analysis. Fi- 
nally, future clinical prospective studies should be conducted to 
validate local complications of acute pancreatitis on the basis of 
the revised Atlanta Classification. 6 
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